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Carbon is the earliest known chemical elements by human. In 1985, the fullerene 
(e.g.C60) , which is consisted of twelve five-membered-rings and a number of 
six-membered-rings, was found in the experiment by Smalley、Kroto and Curl. This 
important discovery made people have a new understanding of carbon element. Since 
then, the rapid development of fullerenes has become a new branch of discipline and 
gradually formed a mature field.  In recent years, the fullerenes are widely used in 
the areas of superconductivity, solar cells, catalysis and biomedicine, so it is received 
great attention from the increasing researchers. But the realization of the wide 
application of fullerene is under the premise of the industrial production of fullerene. 
At present, there are many methods of synthesizing fullerene, but all of them, the 
yield is not high. And the growth mechanism of fullerene and fullerene derivatives is 
still lack of a convincing explanation. There are many kinds of fullerene material in 
theory, but the obtained material structure is only a few dozens, and many materials 
have not been found yet. So the discovery of new methods of the synthesis of 
fullerene and the new model structure is particularly important, especially the 
synthesis of those small fullerene. The found of the small fullerenes can not only fill 
the blank of the fullerene family, but also is a key to understand the formation 
mechanism of fullerene clusters. In this paper, we independent design three kinds of 
methods aiming to synthesis fullerene, then assemble and set up the corresponding 
reaction device and inquiry to a series of reaction conditions. The major work of this 
paper is summarized as follows: 
1. We independent design the synthesis methods of tungsten wire electric 
heating method and assemble the synthesis device. This device has many 
advantages like simple operation, synthesis efficiency, rich products and 
many others. It got many polychlorinated polycyclic aromatic hydrocarbons 

















removing chlorine. Although this method don’t get fullerene, it can lay the 
foundation for later experiment.   
2. Using tungsten rod instead of graphite rod for arc discharge reaction, and 
finally fullerene was generated through a series of contrast experiments. In 
this part, the key factor for the formation of fullerene was found, it has 
important guiding significance for follow-up experiments. 
3. Using the commercial graphite furnace as a reaction system for synthesis of 
fullerenes, then independent designing and assembling the other parts of the 
whole reaction device: sampling system, product collection and tail gas 
absorption system, vacuum system. In this method, we got fullerene product. 
Key Words: Carbon clusters; Tungsten wire electric heating synthesis; graphite 
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第一章  绪论 
碳是地球生命的核心元素。在富勒烯发现之前，人们一直认为碳元素只存在
两种同分异构体----石墨与金刚石，两者都是三维无限的网状结构，不存在单个
的碳分子。直到 1985 年，富勒烯 C60 的意外发现宣布着碳的第三种同分异构体
的存在，使人们对碳元素的构成方式有了全新的认识。C60 的首次亮相是在
Smalley、Curl 和 Kroto 等[1]进行的大功率脉冲激光蒸发石墨实验的 TOF 质谱中
检测到的，从此开始了富勒烯研究的征程。这三位科学家也因这个伟大的发现被







勒烯一样如此深刻地影响着化学领域。而 2010 年，研究者们利用 Spitzer 红外光

































1.1.1  激光汽化法 
C60 分子质谱信号的首次发现，就是应用的石墨激光汽化法。1985 年，Kroto
等[1] 在室温下通过脉冲激光束对石墨进行蒸发，碳蒸气在 He 气氛中迅速碰撞冷




2000 年，本课题组[3]用全氯代苊烯 C12Cl8 作为初始反应物来进行激光溅射反
应， C12Cl8 由两个六元环和一个五元环构成，被认为是富勒烯的基本结构单元，
最终生成了微量的富勒烯及复杂多样的多氯代芳香烃物质。这种方法的具体做法




小的碳簇如 C12 开始的。 
















 第一章  绪论 
3 
 








测并确认了稍高比率的富勒烯 C60 和 C70 的存在。此后各研究人员对火焰燃烧制
备富勒烯法进行了大量研究，涉及到实验中的各个参数，发现体系的反应温度与
压强、C/O 原子数的比例、辅助气体的种类和流量以及火焰停留时间等因素都能










物（实验装置见图 1-1）[14]。在苯氧燃烧装置中，除了形成常规的 IPR 富勒烯，
与此同时，形成的 IPR 富勒烯能与燃烧产生的自由基或氢原子反应，从而形成稳
































1.1.3  石墨电弧放电法 
最早实现富勒烯的宏量生产是在 1990 年 Krätsschmer 和 Hoffman 等[21]发明
的电阻加热石墨的方法得到应用时。电阻加热石墨法的具体做法是：两根相互接
触的石墨棒在大约 100 Torr 的 He 气氛中，在电阻加热下蒸发成等离子体，这些
























He 气氛中碰撞冷却，就形成了富勒烯 C60 和 C70。 
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